We investigated the flow rates of 25-G and 27-G spinal needles, of 90-mm and 120-mm lengths, from Vygon, BD, B. Braun and Pajunk; the needles had either a Luer connector, or a Surety â or UniVia â non-Luer connector. We Braun. All of the needle types showed a greater weight of fluid collected using the non-Luer compared with the Luer version, with six of the 14 needle types showing a significant difference. Significant variations in flow were also seen between the same needle type from different manufacturers. We conclude that changing from Luer to non-Luer versions of spinal needles does not merely change the hub design and connection, but may introduce important differences in function.
Introduction
The National Patient Safety Agency advocated the introduction of a non-Luer system for delivery of neuraxial anaesthesia in 2004 [1] , and it is anticipated that all neuraxial devices will change to incorporate the ISO 80369-A potential risk is the change to the clinical handling of new equipment, and any resultant necessary alteration to practice. The flow rate through a spinal needle is one characteristic that may influence clinical utility and clinicians' preferences. Flow rates influence the time to appearance of cerebrospinal fluid (CSF) in the hub of a spinal needle, and thus accurate identification of the subarachnoid space. When a department or individual anaesthetist is familiar with a particular manufacturer, gauge and length of spinal needle, a change to these could lead to unintended clinical risk, for example, by not waiting long enough for CSF to appear in the needle hub. Flow rates also influence the time taken to perform a lumbar puncture when collection of CSF is required. It is therefore important to understand the implications that a change in spinal needle hub may have on flow rates, both through both the needle and the hub.
In 2011-2012, Sharpe et al. carried out an appraisal of the equipment available at the time, comprising seven 25-G 90-mm-long non-Luer spinal needles from different manufacturers, as well as one commonly used 25-G 90-mm Luer spinal needle; they investigated flow rates through the needles in a bench-top setting as well as performing clinical evaluations [5] . A wide range of flow rates was found between the eight needle types tested. This variability is not attributable to the non-Luer hub; previous work has shown significant differences in flow rates through both non-Luer 25-G 90-mm and 22-G 90-mm spinal needles from different manufacturers [6, 7] . To our knowledge, there are no comparative studies of spinal needle flow rates comparing Luer and nonLuer spinal needles from the same manufacturer.
Our aim was to investigate the flow rates of the currently available commonly used Luer spinal needles, and their non-Luer counterparts, by examining the time to first appearance of simulated CSF and the amount of fluid collected over a specified period of time. We also looked at the effect of manufacturer, gauge and needle length on this relationship.
Methods
We designed a simple in-vitro model that was used in a two-part experiment. A bag of fluid with a similar composition to CSF (compound sodium lactate, with 0.35 g.l
À1
human albumin solution and 3.3 mmol.l À1 glucose added) was pressurised to 35 cmH 2 O to simulate CSF pressure when sitting [8, 9] . This was connected to a manometer to ensure constant pressure. A self-sealing bung was used to simulate dura (Fig. 1 In Part 1 of the study, a spinal needle was inserted through the self-sealing bung using an introducer needle. A video camera with freeze-frame was used to record the time to first appearance of fluid after the stylet was removed. This was repeated eight times for each needle type, using a new needle each time.
In Part 2, fluid was collected for 120 s, and the total weighed on a Mettler College 150 electronic balance (Mettler-Toledo Ltd, Leicester, UK) with an error of AE0.0001 g. This was also repeated eight times for each needle type, using a new needle each time. The needles were tested in a random order in both parts of the experiment, using randomly generated numbers (www.random.org). The flow rates with matching Luer and non-Luer needles from each manufacturer were compared using an unpaired t-test. Differences between manufacturers of the same needle type were compared using a one-way ANOVA with multiple testing correction with Tukey's test. A value of p < 0.05 was taken to denote statistical significance.
Results
The time to first appearance of fluid is shown in Table 1 . In addition to differences between Luer and non-Luer versions of the same needle type, there were also significant differences between the manufacturers for needles of the same gauge, length and hub in the first appearance of fluid at the hub (Fig. 2 ).
There were inconsistent differences between the manufacturers' products when comparing matching needles. For example, all Pajunk 25-G needles had significantly slower first appearance of fluid than other manufacturers (p < 0.001), but this was not true for 27-G Pajunk needles. B. Braun 27-G Luer 90-mm and 120-mm needles had significantly slower fluid appearance than those of the other manufacturers, but the non-Luer versions were significantly faster. Overall, the 27-G needles showed more variability in the first appearance of fluid between manufacturers for the same length and hub type. The weight of fluid collected in 120 s for Luer and non-Luer needles is shown in Table 2 . Significant differences were seen, although not necessarily following the same pattern as for Part 1. In addition to the differences between Luer and non-Luer versions of the same needle type, the weight of fluid collected varied significantly between manufacturers of needles of the same gauge, length and hub type, with no consistent pattern between manufacturers (Fig. 3) .
Discussion
We used an in-vitro model to compare flow rates between 29 different spinal needle patterns. There was a significant difference in the time to first appearance of fluid in the needle hub between Luer and non-Luer needles of the same type for seven out of 14 comparisons made, of which four showed slower appearance of fluid in the non-Luer version. In some of these cases, the time to appearance of fluid was nearly twice as long with the non-Luer counterpart. These differences are likely to be more pronounced when performing lumbar puncture or spinal anaesthesia in the lateral position [5] . When changing from Luer to nonLuer needles, the four instances of significantly increased time for appearance of fluid might have clinical consequences if translated into the clinical setting; the possibilities include inserting the needle further into the subarachnoid space, or repeating the attempt to locate the subarachnoid space. Although the changes to hub design and clinical handling may be expected and are well documented [5, 10] , changes to flow through the needle itself may not be anticipated; Table 2 our findings may, therefore, be useful in warning clinicians that unpredictable differences may be seen. There was a significant difference in weight of fluid collected over 120 s between Luer and non-Luer needles of the same gauge, length and manufacturer for six out of 14 comparisons made. All showed a greater weight of fluid collected by the non-Luer compared with the Luer version. The pattern of differences in needle performance was not the same as that for the outcome of first appearance of fluid. This inconsistency may be because the amount of fluid flow is affected by, among other factors, the volume of the hub, which is not relevant when considering the first appearance of fluid. The measurement of weight of fluid is likely to be more accurate than the time to first appearance of fluid, as there is less observer error in the former; this is borne out by smaller standard deviations in the Part 2 results. The differences in weight of fluid collected may be of clinical significance when collecting CSF during lumbar puncture for duration of the procedure and patient discomfort. With regard to the practice of spinal anaesthesia, time to seeing CSF is important; we recently found that the majority of anaesthetists questioned will wait for CSF to reach the mid-point or end of the needle hub before connecting the syringe, and that this time may account for up to 15 s of a spinal anaesthetic [11] .
We were interested to note that there were significant differences between spinal needles of the same gauge, length and hub type produced by different manufacturers, with some taking three times as long for fluid to reach the hub, and some collecting over three times as much fluid in 120 s. This finding is particularly significant to clinicians who rotate between departments and are exposed to different equipment, such as trainees and locum doctors. We found that the variability for the first appearance of fluid in the needle hub was particularly marked for 27-G needles.
Our findings suggest that simply changing from Luer to non-Luer spinal needles may be accompanied by unpredictable changes in the handling and clinical use of the needles, beyond just the feel of the hub. While standardising gauge, length of the shaft, and type of connector, there are other, less apparent differences between needles that are difficult to quantify. For example, information available on the manufacturers' websites and packaging indicates that the true length of similarly labelled needles may differ by up to 2 mm between the different manufacturers. Similarly, the shaft's internal diameter and wall thickness may differ for needles of the same gauge, and the position and size of the orifice may contribute to speed of appearance of CSF, as may the design features of the hub. Finally, there may be differences in the internal volume of the different needle hubs, even with the same type of connector.
Any conclusions drawn from these findings must take a number of points into account. First, anaesthetists and departments will not necessarily change to the non-Luer version of the same needle type from the same manufacturer, but may change to another manufacturer, perhaps because of availability, cost or other factors. This may make direct comparison and analysis of Luer and non-Luer needles by the same manufacturer less useful.
Second, it is anticipated that the non-Luer needle connectors tested will change to the ISO 80369-6 nonLuer connector in 2017. Although these results cannot be extrapolated to this connector, it may be inferred that further changes to hub design may lead to differences in flow between currently used and new equipment. Further alterations of neuraxial equipment design may lead to a period of unfamiliarity and clinical issues associated with this, particularly for those exposed to a variety of equipment such as rotating trainee anaesthetists.
Third, we cannot exclude observer error for the time to first appearance of fluid, although we attempted to reduce this by using a video recorder and freeze-frame. Particular needle features, such as a 'recognition chamber', may contribute to speedier observation of fluid.
Our study adds data to the developing body of literature surrounding current changes in a core piece of clinical equipment. The introduction of non-Luer spinal needles may result in alterations in technical performance, and anaesthetists must be aware of this. and B. Braun Medical Ltd for supplying their needles free of charge, and to the Obstetric Anaesthetists' Association for providing a small research grant to fund all other needles. No competing interests declared.
